ASSET GROWTH, STYLE INVESTING, MOMENTUM. HOW DO THESE FACTORS AFFECT THE STOCK RETURNS? by Sourlas, Stefanos
  
 
 
“ASSET GROWTH, STYLE INVESTING, MOMENTUM. HOW DO THESE 
FACTORS AFFECT THE STOCK RETURNS?” 
 
Stefanos Sourlas 
 
 
SCHOOL OF ECONOMICS, BUSINESS ADMINISTRATION & LEGAL STUDIES 
A thesis submitted for the degree of Master of Science (MSc) in Banking and Finance 
 
 
 
 
December 2018 
Thessaloniki – Greece 
 
  
1 
 
Student Name: Stefanos Sourlas 
SID:  1103170022 
Supervisor: Prof. Panayiotis Artikis 
 
I hereby declare that the work submitted is mine and that where I have made use of another’s 
work, I have attributed the source(s) according to the Regulations set in the Student’s 
Handbook. 
 
 
 
 
 
 
 
 
 
 
 
 
 
December 2018 
Thessaloniki - Greece 
 
 
  
2 
 
Abstract 
This dissertation was written as part of the MSc in Banking and Finance at the 
International Hellenic University. The focus of investigation of the present thesis is the 
asset growth effect, as well as the momentum effect in the UK and especially stocks 
listed in the London Stock Exchange. For this reason, monthly portfolio returns are 
regressed on three factors (market, size, BE/ME ratio) along with some additional risk 
factors in order to control for the well-established risk factors. We document negative 
excess market returns probably because of the two major bear market rallies that took 
place in the beginning and in the ending of the sample period. We also find a big firm 
effect in contrast to Fama and French (1996) who observe small firm effects. Finally, 
we observe a value effect that is consistent with Fama and French (1996) findings in 
the U.S. market. However, the portfolios constructed under this model have 
insignificant market, size and value premia, a finding that seriously questions the 
validity of the model in the London stock market. In addition, diagnostic tests of the 
model reveal serious flaws that should be addressed before reaching safe conclusions.  
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Purpose of the dissertation 
One of the most intriguing discussions in finance is the role of fundamental analysis. 
The possibility to deliberately benefit by the investigation of companies’ financial 
statements, by forecasting the future stock price performance is considered to be a 
violation of the semi-strong form of the efficient market hypothesis (Fama 1965). 
However, a significant number of papers in this field has related various accounting-
based valuation ratios, such as earnings, cash flow yields or book-to-market ratio, to 
cross-sectional average returns. Additionally, researches based on the growth in 
different balance sheet items is the most recent strand in the literature that has been 
developed by scholars in order to understand return predictability. 
The main purpose of this dissertation is to examine in which way asset growth, style 
investing and momentum could affect the stock’s returns. The process by which 
investors allocate funds based on the relative performance of investment styles is 
known as “style investing.” (Kuan-Cheng Ko 2015). 
To conclude, the objective of the present research will be to examine the effect of the 
three aforementioned investment styles based on the size of the company, the book 
to market (BM) ratio and the asset growth on future stock returns. 
Delimitations 
In this thesis, the focus of investigation is the asset growth effect, as well as the 
momentum effect in the UK and especially stocks listed in London Stock Exchange 
based on a specific style of constructed portfolio. The main reason for choosing this 
country is that, even though asset growth is a well-researched phenomenon within 
finance, empirical studies often examine this country as part of a larger European 
sample. A more practical reason is a better access to data, which is described further 
in Methodology. The purpose of this thesis is to only investigate the existence of these 
two effects, hence, not to recommend or suggest practical trading strategies to exploit 
the effects. More practical considerations, such as transaction costs and taxes are 
therefore not included in the empirical study. Therefore, an in-depth analysis of the 
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possible reasons behind the anomaly will not be performed and thus the main 
objective is not the relate the effect to either mispricing or risk-based pricing, even 
though a brief literature review on the potential explanations of the anomaly is given. 
It should still be noted that the findings of the thesis might give some evidence to 
support either of these perspectives. 
Data 
The data is comprised of stocks listed on the London stock exchange between July 
1989 and June 2015. All financial companies are excluded from the sample. All the 
market data and accounting information are collected by DataStream. 
Structure of the study 
This chapter describes the main structure of this dissertation, as follows. It begins with 
a general outline of the thesis purpose, as well as with a general introduction to the 
subject, also including the objectives and the data delimitations of the study. In 
following chapter, the theoretical framework and the empirical literature related to 
the study are introduced. The literature review concentrates on financial market 
anomalies and, most importantly, introduces the asset growth anomaly framework 
utilized in this study, as well as researches relevant to the factor of momentum. The 
empirical part of this study starts with the chapter in which the methodology is 
presented, introducing the methods and data utilized in the tests described in the 
following chapter. Subsequently, the empirical findings of the tests from the previous 
section is analyzed and explained. In the final chapter, there is a summary of the 
conclusions and present potential extensions to the study. 
 
Introduction 
The efficient market hypothesis posits that equity prices incorporate all the 
information known to market participants at any point in time and are, for this reason, 
inherently unpredictable. A further extension of the theory relates such prices to the 
expectations of the present discounted value of all future dividends attached to the 
stocks in question. This suggests that equity prices are intimately related to underlying 
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real economic processes and are, therefore, rationally based. The crash of 1987 and 
the mini-crash of 1989 suggest to others, however, that stock prices are separated 
from economic reality.  
This inference suggests that the stock market is more appropriately studied within a 
framework that includes economic, psychological and social elements. 
Nevertheless, a tremendous majority of the research in this field has connected firm 
characteristics or various accounting-based valuation ratios, such as earnings, cash 
flow yields or book-to-market ratio, to cross-sectional average returns. The 
association between such financial attributes and returns is documented by several 
researchers, including Basu (1977), Fama and French (1992), Lakonishok, Shleifer and 
Vishny (1994). As these sorts of relations are not clarified by the pre-specified asset 
pricing equilibrium, they are defined as “anomaly studies”. A more recent strand has 
focused on the return predictability of stock returns based on the growth in different 
balance sheet items. This can be divided in three main categories, which are: the 
growth in accruals (e.g. Sloan 1996), in investments (e.g. Titman et al., 2004) and in 
external financing (e.g. Pontiff & Woodgate 2008). The main findings of these studies 
have found negative relation between the balance sheet items expanding activities of 
a company and the subsequent company’s stock price performance. 
In addition to applying the basic anomaly research framework to UK markets, 
timeseries analysis of the effect will be performed, in order to examine the stability 
and persistency of the effect as well as the relation between the effect and economic 
conditions. In our knowledge, this kind of study tends to link asset growth effects to 
some economic variables in the European markets, to explain the country differences. 
Furthermore, there will be an effort to examine the relation between the asset growth 
effect and the momentum and the reversal effects to find support for the potential 
drivers behind the asset growth anomaly. 
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London Stock Exchange 
This section introduces some general information about the London Stock Exchange 
(LSE). The LSE is a stock exchange located in the City of London, UK.As of April 2018, 
the London Stock Exchange had a market capitalization of US $4.59 trillion. It was 
established in 1571 and can trace its history back more than 300 years, it is considered 
to be one of the most established exchange markets on the planet. One of the most 
known parts of the LSE is The Financial Times Stock Exchange 100 Index, also called 
the FTSE 100 Index, FTSE 100 and "Footsie", which is a share index of the 100 
companies with the highest market capitalization, listed on the London Stock 
Exchange. The index is maintained by the FTSE Group, a subsidiary of the London Stock 
Exchange Group. 
In general, the UK economy includes a wide range of different sectors whose activities 
as well as the activities of these businesses have evolved considerably over time. 
Changes are due to supply-side forces, such as technological progress, demand forces, 
such as rising incomes or changing consumer preferences and preferences, and in 
some cases the combination of the two pressures - for example where new markets 
are leaving by developing completely new technologies. While sectors are a simple 
and consistent way of looking at the economy and a useful tool for policy 
development, they cannot always capture the importance of specific activities such as 
those based on emerging sectors or technologies. 
Theoretical framework 
The following subsections offer a more in-depth overview of the traditional finance 
theory, including a literature review regarding the market, as well as the momentum 
effect and the asset growth anomaly. The theoretical section consists of a meticulous 
discussion on the Efficient Market Hypothesis, which is the cornerstone of classic 
financial theory. Furthermore, an overview of different asset pricing models is 
presented. The literature review section provides a definition and a more accurate 
overview of the evidence supporting the momentum effect and possible explanations 
for this effect, as well as the definition of asset growth anomaly and the relevant 
literature. 
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Efficient Market Hypothesis  
The Efficient Market Hypothesis (EMH) defines an efficient financial market as one in 
which security prices always fully reflect all available, publicly known information. 
When new information arrives, it is immediately incorporated into the given security 
price. Given that this new information is unpredictable, security prices will also change 
unpredictably, implying that security prices follow a random walk. The cornerstone of 
EMH is that investors can only outperform the market by exploiting insider 
information, as all available information in the market is priced in the security or 
simply by pure luck (Fama, 1991). The EMH is still a much debated topic despite its 
age, and much empirical research has been performed trying to test the case. Most of 
this research is based on asset pricing models, such as the CAPM or multi-factor Fama 
and French and Carhart model. The reason for this is that market efficiency is not in 
itself testable but must be tested jointly with some model of equilibrium like the 
mentioned asset pricing models. According to Sewell (2011), papers that rejected 
market efficiency peaked in the 1980s and 1990s.  
 
Literature review 
Under the efficient market hypothesis, share prices should reflect all public 
information (Fama 1970). However, it is well documented that there are certain 
patterns in average stock returns that are anomalies, since they are effects 
unexplainable by the efficient market hypothesis (Jensen, 1978). Thus, the claim that 
capital markets are fully information efficient continues to be debatable. Three of the 
most frequently documented anomalies are the value effect, the momentum effect 
and the size effect. Banz (1981) first suggested the size effect when he concluded 
through his a more in-depth research that the monthly returns of the fifty smallest 
stocks listed on NYSE tend to outperform the fifty largest stocks. Arbel and Strebel 
(1982) introduced the neglected firm effect, arguing that the lesser-known companies 
realize higher returns on their stock shares, due to the fact they are less likely followed 
by market analysts and that their better performance could be attributed to the higher 
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risk/higher reward potential of small, lesser-known stocks, with a higher relative 
growth percentage. 
The value effect refers to the empirical studies’ results where stocks with high book-
to-market value tend to realize positive abnormal returns (Fama and French, 1992). 
The momentum effect refers to the empirical studies’ results where the recent past 
winners outperform recent past losers (Jegadeesh and Titman, 1993). However, other 
anomalies derived from this. Cohen, Gompers and Vuolteenaho (2002) in their paper 
argue that more profitable firms tend to have higher average stock returns, while 
Fairfield, Whisenant and Yohn (2003) as well as Titman, Wei, and Xie (2004) present 
in their research that firms that invest more have lower stock returns. Sloan (1996), 
with his paper in which explain whether stock prices reflect information about future 
earnings contained in the accrual and cash flow components of current earnings, 
concludes that higher accruals predict lower stock returns. A theory that explains the 
tendency for certain lesser-known companies to outperform better-known 
companies.  
During the last decade or so, there is an increasing interest regarding the asset growth 
anomaly. Real investment should be efficiently priced in capital markets since, 
economic efficiency requires that the market appropriately evaluates transactions 
such as the acquisition and disposal of assets. However, a growing body of literature 
identifies a bias in the reflection of corporate asset investment and disinvestment in 
average stock returns. The findings mainly suggest that corporate events associated 
with asset expansion (i.e. acquisitions, public equity offerings, public debt offerings 
and bank loan initiations) tend to be followed by periods of abnormally low returns, 
whereas events associated with asset contraction (i.e. spinoffs, share repurchases, 
debt prepayments and dividend initiations) tend to be followed by periods of 
abnormally high returns (Cooper et al., 2008; Chan, Karceski, Lakonishok and 
Sougiannis, 2008; Lipson et al., 2009; Gray and Jouning, 2010; Yao, Yu and Chen, 2010 
among others). These events are incorporated during the preparation of a firm’s 
financial statements. From the behavioral perspective, one of the possible 
explanations includes earnings management prior to financing activities or 
acquisitions (Teoh et al., 1998). 
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Financial statements should provide information about the true financial position, 
performance and changes in financial position of an enterprise and thus become 
useful to a wide range of users who have a “reasonable knowledge” of business and 
accounting in making economic decisions. The reported assets, liabilities, equity, 
income and expenses are directly related to the corporation’s financial position. One 
of the most important issues in financial reporting is the extent to which managers 
manipulate reported earnings (Peasnell et al., 1999). Several definitions have been 
derived: “Earnings management is taking advantage of the flexibility in the choice of 
accounting methods to indicate the management decision-making on future cash 
flows” (Sankar & Subramanyam, 2001). Earnings management it is considered to be, 
by Hall et al. (2013), as “the use of accounting discretion, intentional accounting 
misstatement, or use of real transactions to alter the numbers reported in the financial 
statements to influence outcomes that depend on reported accounting numbers”. 
The market equilibrium theory agrees that under conditions of uncertainty smoothing 
represents an overt attempt to counter the cyclical nature of reported earnings, 
thereby tends to reduce the covariance of a firm's expected returns with returns on 
the market portfolio (Sharpe 1970). 
A great portion of the accounting literature has been dedicated to the accruals 
examining their relative persistence (Sloan, 1996; Richardson et al., 2005; Richardson 
et al., 2006), their implications on future stock price (Callen et al., 2013; Ecker et al., 
2006; Richardson et al., 2005; Artikis and Papanastasopoulos, 2016). Sloan (1996), 
indicated that since the accrual component of earnings is treated with greater 
subjectivity, it shows different persistence levels than the cash flow component and 
that investors fail to fully appreciate their differing implications for future profitability. 
Xie (2001) analyzes the accruals in respect to their discretionary and non-discretionary 
component and finds that the lower persistence of accruals, even after controlling for 
sales growth, is due to earnings manipulation. Dechow and Dichev (2002) develop a 
measure of accrual quality and conclude that it is positively related to earnings 
persistence.  
The asset growth effects are both shown to negatively relate to future returns. The 
data needed to examine these effects comes from the financial statements, which in 
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turn can be subject to earnings management techniques. However, to the best of our 
knowledge, only a few studies try to address both issues in the same frame. Fairfield 
et al. (2003) find that the apparent market mispricing stands for both the accruals and 
the growth in long-term net operating assets and that the severity of the mispricing 
does not significantly differ between the components of growth. Thus, they claim that 
the findings by Sloan (1996) are a subset of a more general growth effect in net 
operating assets.  
This thesis attempts to review the theoretical and empirical work referring to the asset 
growth anomaly and the momentum effects, as well as any joint study available in the 
current literature.  
 
The definition of the asset growth anomaly 
It has been documented that businesses that experience rapid rhythms, by increasing 
external financing and raising capital investments, then have low stock returns, while 
companies that face shrinkage through divestiture, repurchase shares and debt 
retirement enjoy high future returns. Cooper, Gulen, and Schill (2008) summarize this 
synergistic effect of investment and business financing activities, creating a simple 
measure of total assets development. 
Prior to 2008, studies in the literature use various measures based on the information 
available in financial statements to represent growth and examine its implication on 
future stock returns. Stock returns are shown to be negatively related to accounting 
accruals (Sloan, 1996; Richardson et al., 2005). ). However, these studies examine the 
effects of growth on stock returns by using components of a firm’s investment or 
financing activities. Many of these studies focus on intertemporal changes in the size 
of firms’ balance sheets, or equivalently on various components of assets and 
liabilities.  
Akiko Watanabe, Yan Xu, Tong Yao, Tong Yu (2012) quantified the magnitude of the 
asset growth effect in each country. They considered both the return spread (SPREAD) 
between the extreme AG portfolios and the slope coefficient (SLOPE) from the cross-
sectional regression of stock returns on asset growth rates. Both equal weighted and 
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value-weighted versions of SPREAD and SLOPE were examined. Based on these 
measures, they found that the AG effect is stronger in countries with lower stock 
return synchronicity and higher future earnings response coefficients in developed 
markets and in economies where stock markets play a more important role. These 
results suggest that the return-predictive power of AG is stronger in countries with 
more efficient stock markets. Such evidence is supportive of the optimal investment 
explanation but also difficult to reconcile with the mispricing explanation. 
In recent years, there has been an enlarged interest in the asset growth anomaly. Real 
investment ought to be proficiently valued in capital markets since economic 
efficiency requires that the market appropriately evaluates transactions such as the 
acquisition and the disposal of assets. 
General broad asset growth anomaly adopted during this study, is outlined within the 
spirit of Cooper et al. (2008). The asset growth anomaly will be defined in this context, 
following e.g. the definition of Richardson et al. (2010), as follows: “Asset growth 
anomaly is a pattern in cross-sectional and time series stock returns, according to 
which corporate events associated with asset expansion in the balance sheet tend to 
be followed by periods of abnormally low returns, whereas events associated with 
asset contraction in the balance sheet tend to be followed by periods of abnormally 
high returns.” Possible asset expansions in the definition can be related to i.e. 
investment to property, acquisitions, public equity offerings, public debt offerings and 
bank loan initiations. On the other hand, asset contraction in the balance sheet could 
include i.e. spinoffs, share repurchases, debt prepayments, and dividend initiations. 
The important aspect of this definition is that the anomaly can be driven by several 
different factors. These different aspects are, in previous literature, associated with 
investment, accrual and external financing effect. The investment effect is mainly 
driven by the expansions and contractions in the asset side of the balance sheet, 
whereas the financing effect is related to changes in the liabilities side of the balance 
sheet. Accrual effect is related to changes both in the assets and the liabilities side.  
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Momentum 
The consensus of previous literature on stock market anomalies is that the 
momentum anomaly is a persistent anomaly in financial markets. Studies document 
the existence of momentum in a vast number of countries internationally, across 
various instrument types and during varying time periods. The existence of the 
momentum anomaly is largely accepted, with most notably Eugene Fama (1998) 
conceding that the momentum anomaly is “above suspicion” (Fama 1998) however 
the causes of the momentum remain a controversial subject (Herberger et al., 2009). 
Although definitions of momentum vary slightly, the momentum can be defined as a 
continuation or a positive serial correlation in returns, i.e. stocks that performed well 
in the past will continue to do so in the future (Mansouri et al., 2012). 
 
Methodology 
Asset-growth portfolios are formed in December of each year, based on the total asset 
growth of companies, and categorized on different portfolios. It has been constructed 
10 different portfolios based on asset growth. The portfolio-formation procedure is 
repeated annually from 1990 to 2015. This results in a 300-month time-series and 
respectful asset-growth portfolios. We downloaded monthly Fama-French and 
momentum factor data from the website of Kenneth French. Clearly, the dependent 
variable 𝑅𝑝𝑡 − 𝑅𝑓𝑡 is the excess return of portfolios and the first risk factor 𝑅𝑚𝑡 − 𝑅𝑓𝑡 
is the excess return of the market. The other two risk factors are formed from the six 
portfolios. SMB (Small minus Big) corresponds to the difference between the average 
monthly return of the three small capitalization portfolios and the average monthly 
return of the three big capitalization portfolios. HML (High minus Low) corresponds to 
the difference between the average monthly return of the two high BE/ME portfolios 
and the average monthly return of the two low BE/ME portfolios. Moreover, we 
construct the UMD (Up-minus-Down) facor which represent the momentum factor 
and one additional factor the D1-D10 which represent the difference between 
portfolio d1 and d10 accordingly. 
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Asset Growth 
Cooper et al. (2008) propose that total assets growth is a more appropriate 
prognosticator of stock returns than any single component of asset growth engaged 
in the literature by many papers (Lakonishok et al., 1994; Carlson et al., 2004; 
Hirshleifer et al., 2004; Broussard et al., 2005). This is because of the synergistic 
advantages from the predictability of all subcomponents of asset growth. Accordingly, 
following Cooper et al. (2008), in this thesis we employ the measure of total assets 
growth to assess the stock return predictability. Asset growth is calculated: 
ASSETG (t) = [TotalAssests(t) −TotalAssets(t −1)] / TotalAssets(t −1) 
 
Fama-French Factor Models 
The empirical drawbacks of the CAPMs ability to explain asset prices has forced 
researchers to look for a more robust asset pricing model. In a sequence of articles in 
the early 1990s, Fama and French (1993) respond to this with a model that relies on 
three factors instead of just the one factor in the CAPM. Based on data in the period 
from 1963 to 1990 from U.S. listed stocks, they argue that the expected return on a 
stock can be determined by the excess return of the market portfolio over the risk-
free rate (MKT), a size factor (SMB) and a value factor (HML). The addition of the SMB 
and HML factor are justified by arguing that they represent risk factors because they 
capture the risk of financial distress. The intuition behind SMB being a risk factor is 
that smaller firms are more likely to go bankrupt than larger firms during recessions, 
whereas Fama and French (1996) argues that companies with a high book-to-market 
ratio are fundamentally riskier than those with a low book-to-market ratio. The model 
is specified as follows: 
 
𝑅te= 𝑎 + 𝛽M𝑅tM,e+𝛽SMB+𝑅tSMB+𝛽HML𝑅tHML+𝜀t 
They found that both firm size and book to market value of equity ratio have a robust 
role in determining the cross section of average returns. The resultant model was 
extremely popularized and became known as the Fama and French Three-Factor-
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Model (TFM). Moreover, they highlighted a negative relation between cross section 
of average returns and firm size, and a positive relation between cross section of 
average returns and book to market ratios. Fama and French proved that small firms 
and value firms (high book to value ratio) are risky so investors are compensated with 
high rates of return. 
As a result, market participants want extra compensation for buying value stocks. 
Fama and French (1993, 1996) claim that their Three-Factor Model captures the above 
“distress premium”, if small firms with high BE/ME ratios perform poorly and are 
vulnerable to financial distress. 
The first factor is essentially the same as in the CAPM, whereas the SMB factor is 
formed as a portfolio taking a long (short) position in stocks with a low (high) market 
capitalization. The HML factor is created by taking a long (short) position in stocks with 
a high (low) book-to-market ratio. 
Fama-French 4 Factor Model 
The four-factor model is not as recognized as the other two models mentioned above. 
Mark M. Carhart wrote a paper in 1997 where he presented the model as a tool for 
valuating mutual funds. The paper based it work of what Fama and French did with 
the three-factor model in early 90´s, Carhart also based his work on Jegadeesh and 
Titman´s (1993) paper 
Also, in 1993, Jegadeesh and Titman found that adding a fourth factor, momentum, 
to the market-style-size model also enhanced portfolio returns for a given level of risk. 
Momentum is calculated by investing in firms that have increased in price while selling 
firms that previously decreased in price (winners minus losers).  Today, the four 
factors of market, style, size, and momentum, constitute the Fama-French 4 Factor 
Model. 
Criticism of the TFM 
Behavioralists and other critics see the TFM as academic nonsense. The biggest 
problem is that Fama and French is the lack of a theoretical setting. It does not explain 
why size and BE/ME ratio are proxies for risk. In the conclusions of their 1996 paper, 
Fama and French say: “Our tests to date do not cleanly identify the two consumption-
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investment state variables of special hedging concern to investors that would provide 
a neat interpretation of our results in terms of Merton’s (1973) CAPM . The results of 
Chan and Chen (1991) and Fama and French (1994, 1995) suggest that one of the state 
variables is related to relative distress. But this issue is far from closed, and multiple 
competing interpretations of our results remain viable.” Another major criticism is 
that TFM cannot explain the momentum effect which is observed in many markets. 
The model predicts the reversal of future returns for short-term winners and losers. 
So, the continuation of short-term returns is left unexplained. 
Kothari, Shanken and Sloan (1995) reexamined the results of the Fama and French 
(1993) paper and reported a survivorship bias introduced for both firm size and BE/ME 
sorted portfolios. Many firms with low ME and high BE/ME do not survive and thus 
are not included in the databases In order to address the problem, they used an 
alternative source of data, the Standard & Poors Industry Level Data, and found that 
BE/ME is weakly related to average stock returns. Black (1993) and MacKinlay (1995) 
argue that the results presented by Fama and French (1993) may be based on data 
snooping given the variable construction for the characteristics-based portfolios. 
 
Value factor 
The value factor (High-minus-Low, HML) is constructed by subtracting the average 
return on the two growth portfolios by the average return on the two value. 
𝐻𝑀𝐿 = 1/2(Small Value + Big Value)−1/2(Small Growth + Big Growth) 
The stocks in the sample are divided into either value or growth, based on their book-
to-market value at the fiscal end, which is calculated as the book equity divided by the 
total market value of equity. The book equity data is lagged by six months to reduce 
look-ahead bias. One difference from Fama and French (1992) is that for firms with 
fiscal year not ending in December, the price at fiscal year-end date is used contrary 
to December prices for all companies, as suggested by Fama and French (1992). The 
breakpoints for size and book-to-market values are refreshed every year at the end of 
June and rebalanced every month to maintain value weights. Fama and French (1996) 
argues that the value effect should be considered a risk factor as firms with a higher 
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book-to-market ratio are fundamentally riskier than those with a lower book-to 
market ratio. 
Size factor 
The size factor (Small-minus-Big, SMB) is the average return on the three small 
portfolios minus the average return on the three big portfolios. SMB is value-adjusted 
by sorting the portfolios on value and hereafter size. Using the above figure, it can be 
illustrated as below. The breakpoints for size and the value measure (book-to-market) 
are updated every year at the end of June and rebalanced every month to maintain 
value weights. The formula for the size factor is 
𝑆𝑀𝐵 = 1/3(Small Value + Small Neutral + Small Growth) − 1/3(Big Value + Big Neutral + Big 
Growth) 
The size effect is referred to as a risk factor, because smaller firms are more likely to 
go bankrupt than larger firms during recessions, due to of financial distress. The small-
size effect was first documented in 1981 by Banz, who found evidence suggesting that 
small stocks in the U.S. earned an abnormal return of up to 0.4% per month. Studies 
such as Allaert et al. (2002) and Barry et al. (2001) also found similar evidence for the 
size premium in Europe and emerging markets. However, Dijk (2011) shows that the 
anomaly is not very robust in international equity markets and Brown et al. (1983) find 
the same to be true in the US stock market. Asness et al. (2015) find that the size 
premium is significant and persistent across international equity markets, industries 
and also across different measures of size, if they control for a quality factor. 
 
Momentum factor 
The momentum factor (Up-minus-Down, UMD) for each country is formed as the 
return on the two high return portfolios (winners) minus the return on the two low 
return portfolios (losers). 
𝑈𝑀𝐷=1/2(Small High + Big High)−1/2(Small Low + Big Low) 
In each portfolio the stocks are chosen according to their past 12-month cumulative 
return, skipping the most recent month. One drawback of this approach is that it does 
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not follow the methodology of Jegadeesh and Titman (1993), where stocks are divided 
into deciles, and that different formation and holding periods are used. An advantage 
of using this approach is that the portfolios are well diversified in relation to a decile 
sort especially taking into account the relatively small samples due to the number of 
listed stocks in the countries. Fama and French (2012) argue that “diversification 
enhances regression fits, which increases the precision of the intercepts (..)” Fama and 
French, 2012). They use 5x5 sorts, but on much larger regional samples compared to 
the samples used in this thesis. 
 
Empirical results 
This chapter will present the empirical findings from the tests described in previous 
chapters and will provide an analysis on the results. The first part of the chapter 
concentrates on the results from the time series analysis and the various tests used 
for the asset growth portfolios. The final section of the chapter will introduce and 
discuss the results of the Fama-French regressions to evaluate potential marginal 
effects of the asset growth on stock returns. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mean Count St.Dev. Std Err 
D1 1,44% 300 0,07429378 0,0042894 
D2 1,39% 300 0,05830708 0,0033664 
D3 1,24% 300 0,05611083 0,0032396 
D4 1,43% 300 0,05380058 0,0031062 
D5 1,14% 300 0,05225092 0,0030167 
D6 1,44% 300 0,05343809 0,0030852 
D7 1,05% 300 0,05626328 0,0032484 
D8 1,08% 300 0,06180437 0,0035683 
D9 0,98% 300 0,06290987 0,0036321 
D10 1,13% 300 0,08693643 0,0050193 
     
Difference -0,31% 300 0,06838809 0,0039484 
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Descriptive Statistics – Variables of the research models 
The analysis begins with our analysis with the descriptive statistical, presented below 
the annualized summary statistics for all factors of the research model. MRP is the 
market premium. SMB is the realized return on a portfolio that is long on small sized 
firms and short on big sized firms. HML is the realized return on the portfolio that is 
long on high BE/ME equity stocks and short on low BE/ME equity stocks. UMD is the 
realized return on the portfolio that is long on winner stocks and short on loser stocks. 
 
 HML RMRF SMB UMD 
 Mean 0.001476* 0.003924** 0.001808** 0.009986** 
 Median  0.001936 0.008475 0.000346 0.011731 
 Maximum 0.122874 0.104845 0.156074 0.160442 
 Minimum -0.186076 -0.136061 -0.114763 -0.250283 
 Std. Dev. 0.033945 0.041009 0.033032 0.047662 
 Skewness -0.495116 -0.549194 0.078473 -1.005004 
 Kurtosis 9.665454 3.646763 4.952963 7.747228 
     
 Jarque-Bera 567.6104 20.30948 47.98372  332.2038 
     
 Observations 300 300  300  300 
I Descriptive statistics 
D1 1,440%
D2 1,387%
D3 1,239% D4 1,427%
D5 1,135% D6 1,437%
D7 1,052%
D8 1,081%D9 0,982%
D10 1,130%
0,00%
1,00%
2,00%
3,00%
4,00%
5,00%
6,00%
7,00%
8,00%
9,00%
10,00%
0,000% 0,200% 0,400% 0,600% 0,800% 1,000% 1,200% 1,400% 1,600%
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The findings from the descriptive statistics of the research variables are in line with 
those of Banz (1981), Jegadeesh and Titman (1993), Fama and French (1992; 1993; 
1995; 1996; 1998), Liew and Vassalou (2000) and Hanhardt and Ansotegui (2008) and 
support the existence of a value, size and momentum effect. Specifically, the HML 
mimicking portfolio, that is long on high book-to-market stocks and short on low book-
to-market stocks, has median value that is statistically significant at the 5% level of 
significance and a positive average which is about 0.14%. The SMB mimicking portfolio 
has also statistically significant positive average and median returns demonstrate that 
small sized firms have higher returns than big sized firms. The average and median 
returns of the UMD portfolio indicate that stocks with high past performance continue 
to have above average returns. 
Unit root test 
A stochastic process is considered to be stationary if the mean and its variance do not 
change over time, and if the variance of its values in two time periods depends only 
on time lags and not on the point at which it is calculated (second order stagnation). 
Empirical modelling and results also face important difficulties when time series are 
non-stationary. According to the Oxford Martin Policy Paper, if two unrelated time 
series are non-stationary because they evolve by accumulating past shocks, their 
correlation will nevertheless appear to be significant about 70% of the time using a 
conventional 5% decision rule. 
Initially, it was ascertained that the time series were stationary through the 
augmented Dickey-Fuller test, which is a test that determines whether it can be 
concluded that a time series is stationary or not. Formally, it tests the null hypothesis 
Ho that an autoregressive model has a unit root. Therefore, one must exercise caution 
understand that if one seeks stationarity (which is usually the case), they want 
to reject Ho. 
H0: Autoregressive model has a unit root 
H1: Autoregressive model has not a unit root 
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If t* > ADF crtitical value, accept null hypothesis that unit root exists which mean data 
is non-stationary. 
If t* < ADF critical value, reject null hypothesis that unit root does not exist. Mean data 
is stationary. 
As we can see in the tables below, the results indicate that all the time series used in 
the present analysis are stationary. 
 
 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D1-D10 
Augmented Dikkey-
Fuller test statistic 
-13.61 -14.51 -14.87 -14.65 -15.47 -14.27 -14.22 -15.04 -14.67 -15.02 -16.43 
Test critical values            
1% -3.45 -3.45 -3.45 -3.45 -3.45 -3.45 -3.45 -3.45 -3.45 -3.45 -3.45 
5% -2.87 -2.87 -2.87 -2.87 -2.87 -2.87 -2.87 -2.87 -2.87 -2.87 -2.87 
10% -2.57 -2.57 -2.57 -2.57 -2.57 -2.57 -2.57 -2.57 -2.57 -2.57 -2.57 
Reject / Not Reject 
null hypothesis 
Reject Reject Reject Reject Reject Reject Reject Reject Reject Reject Reject 
II Results of unit root test 
Moreover, it is not necessary to implement unit root tests for the remaining variables: 
excess returns of sample stocks, market excess return, SMB, HML, UMD. They are 
stationary by construction. 
Regression analysis 
Portfolio Construction Procedure  
Fama and French overcome the difficulty to enter the above fundamental, non-
tradable variables in the model by constructing mimicking portfolios. As a result, they 
split the market in two ways, depending on the size and book to market ratio of every 
stock. First, they define size as the total market value of equities (market 
capitalization) and then they form two groups: one containing all stocks on the have a 
size larger than the median size of a stock on the NYSE and another containing all 
smaller stocks. Afterwards, they break the market into 10 groups based on the book 
to market value of equity ratio, defining the break points at 30th and 70th percentile 
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of the stocks listed in the NYSE. As a result of the above classification, each year Fama 
and French formed six portfolios that fell into the respective categories of size and 
BE/ME ratio. Then, they estimated the returns of those portfolios. 
The next step is to define the actual indexes used to explain returns. To do that they 
create three zero investment portfolios that proxy as risk factors. The size factor is 
formulated as small minus big (SMB). It is defined as the difference between the 
average return of the three ‘small firm’ portfolios and the average return of the three 
‘big firm’ portfolios. The BE/ME factor is formulated as high minus low (HML). It is 
defined as the difference between the average return of the two ‘high BE/ME’ 
portfolios and the average return of the two ‘low BE/ME’ portfolios. The market factor 
is formulated as total market return minus the risk-free rate. The architecture of the 
model (market grouping in six portfolios) is such that its factors are uncorrelated. So, 
there is no multicollinearity by construction. 
The first step of the methodology involves the ranking of the sample firms, based on 
the asset growth of each company, into 10 portfolios and the computation of the 
average annual portfolio returns. Companies with the lowest asset growth are ranked 
in portfolio 1, while companies with the highest are ranked in portfolio 10. 
 
 
 
𝑅te= 𝑎 + 𝛽M𝑅tM,e 
P/F Α 𝛽M R^2 DW LM 
1 
0.007256 
(1.94) 
0.901100 
(8.65)* 
0.24 1.99 0.27 
2 
0.007204 
(2.51)* 
0.778442 
(8.58)* 
0.29 2.01 0.29 
3 
0.005600 
(2.14)* 
0.809690 
(9.33)* 
0.34 2.00 0.34 
4 
0.007648 
(3.04)* 
0.768365 
(8.49)* 
0.33 1.98 0.36 
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5 
0.004739 
(1.95) 
0.765445 
(9.86)* 
0.35 2.02 0.39 
6 
0.007688 
(3.09)* 
0.783209 
(9.87)* 
0.35 1.97 0.27 
7 
0.003673 
(1.38) 
0.825050 
(9.12)* 
0.36 1.99 0.44 
8 
0.003682 
(1.28) 
0.896587 
(9.18)* 
0.35 1.96 0.23 
9 
0.002458 
(0.85) 
0.954989 
(9.14)* 
0.38 1.99 0.28 
10 
0.004193 
(0.88) 
0.891429 
(9.65)* 
0.17 2.00 0.32 
III Results of regression 𝑅te= 𝑎 + 𝛽M𝑅tM,e 
We first regress the excess returns of each of the 10 portfolios against: (1) a one factor 
model containing the market risk premium. As we can see, regress 𝑅te , which is the 
excess return on asset i, alpha is the intercept and interpreted as the pricing error of 
the model, βi is the estimated beta of the portfolio against the excess return on the 
market portfolio, rmt  and et are an error term. This makes it possible to test for the 
information that already exists in the market risk premium. The above table 
showcases the regression between the excess return and the market risk premium 
results as expected in positive and statistically significant coefficients ranging from 
0.76 to 0.90 for all 10 portfolios. Thus, when the market risk premium rises by 1%, the 
excess return in the portfolios is expected to rise from 0.76% to 0.90%. Furthermore, 
the constant terms are non-negative and statistically significant. However, given the 
low values of the R2, it seems that the market factor alone cannot explain the returns 
of the constructed portfolios. In addition, diagnostics, regarding serial correlation as 
well as Durbin-Watson statistic ranges in value around two in all portfolios, the results 
demonstrate a non-correlation between variables. 
 
𝑅te= 𝑎 + 𝛽M𝑅tM,e+ 𝛽HML𝑅tHML+𝑅tHML 𝛽SMB𝑅tSMB + 𝜀t 
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P/F Α 𝛽M 𝛽HML 𝛽SMB R^2 DW LM 
1 0.00520 
(1.71) 
0.78100 
(10.83)* 
0.28260 
(2.68)* 
1.11340 
(11.39)* 
0.48 2.00 0.02 
2 0.00557 
(0.014) 
0.67380 
(11.26)* 
0.29860 
(4.45)* 
0.88960 
(11.42)* 
0.55 1.97 0.22 
3 0.00406 
(1.99)* 
0.71518 
(12.01)* 
0.23023 
(2.78)* 
0.86480 
(12.93)* 
0.60 2.00 0.18 
4 0.00618 
(3.07)* 
0.67470 
(11.52)* 
0.26224 
(3.72)* 
0.80513 
(9.46)* 
0.58 1.98 0.31 
5 0.00336 
(1.68) 
0.67287 
(12.17)* 
0.31850 
(5.35)* 
0.70500 
(11.04)* 
0.57 1.95 0.63 
6 0.00622 
(3.12)* 
0.68262 
(12.65)* 
0.37081 
(5.51)* 
0.72832 
(11.32)* 
0.58 1.99 0.10 
7 0.00202 
(1.01) 
0.71703 
(13.52)* 
0.33650 
(5.64)* 
0.87643 
(11.90) * 
0.63 1.98 0.24 
8 0.00186 
(0.84) 
0.77592 
(13.55)* 
0.39887 
(6.44)* 
0.94385 
(12.24)* 
0.62 2.00 0.38 
9 0.00857 
(0.36) 
0.85609 
(13.01)* 
0.24211 
(3.03)* 
0.90324 
(12.08)* 
0.60 2.00 0.32 
10 0.00228 
(0.54) 
0.78164 
(7.50)* 
0.16487 
(1.44) 
1.16119 
(9.65)* 
0.36 1.99 0.24 
IV Results of regression 𝑅te= 𝑎 + 𝛽M𝑅tM,e+ 𝛽HML𝑅tHML+𝑅tHML 𝛽SMB𝑅tSMB + 𝜀t 
  * Denotes significance at the 5% level. 
** Denotes significance at the 1% level. 
The next step involves the regression of the excess returns of each of the 10-asset 
growth-based portfolios against: (i) the Fama–French 3FM and (ii) a 4FM incorporating 
the market risk premium, SMB and HML factors and the UMD factor. The empirical 
results of the 3FM show that the constant factors seem to be non-zero and non-
statistically significant in most of the cases. The coefficients of the SMB factor are 
positive and statistically significant for all cases, ranging from 0.7051 to 1.1619, 
revealing a positive relationship between the returns of the asset growth-based 
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portfolios and the size risk factor. Furthermore, it should be noted that the coefficients 
of the SMB factor exhibit two of their largest values at portfolios 1 and 10. Thus, the 
size premium is larger for portfolios of firms with high asset growth sensitivity. Our 
findings are in line with those by Kolari et al. (2008), providing further evidence that 
the SMB portfolio interprets an important part of the variation in the average return 
of shares and it represents a potential risk factor in stock returns. The above 
summarizing table also demonstrates the Durbin-Watson test statistic, in which the 
null hypothesis is that the residuals from an ordinary least-squares regression are not 
autocorrelated against the alternative, that the residuals follow an AR1 process. The 
Durbin-Watson statistic ranges in value from 0 to 4. A value near 2 indicates non-
autocorrelation; a value toward 0 indicates positive autocorrelation; a value toward 4 
indicates negative autocorrelation. In all portfolios can be seen that the results 
demonstrate a non-correlation between variables. 
 
𝑅te= 𝑎 + 𝛽M𝑅tM,e+ 𝛽HML𝑅tHML +𝛽SMB𝑅tSMB +βumdRtumd +𝜀t 
 
P/F Α 𝛽M 𝛽HML 𝛽SMB ΒUMD R^2 DW LM 
1 0.00597 
(0.0059) 
0.77180 
(10.42)* 
0.24140 
(1.92) 
1.10160 
(11.15)* 
-0.05558 
(-0.6354) 
0.48 2.00 0.0171 
2 0.00553 
(2.24)** 
0.67430 
(11.14)* 
0.30700 
(3.52)* 
0.89020 
(11.22)* 
0.00280 
(0.044) 
0.55 1.97 0.2221 
3 0.00341 
(1.61) 
0.72410 
(12.20)* 
0.27040 
(2.94)* 
0.87641 
(12.72)* 
0.54280 
(0.9736) 
0.60 1.99 0.1756 
4 0.00594 
(2.76)* 
0.67780 
(11.77)* 
0.27640 
(3.89)* 
0.80920 
(9.82)* 
0.01918 
(0.30) 
0.58 1.98 0.3168 
5 0.00364 
(1.70)* 
0.66900 
(12.26)* 
0.30150 
(4.16)* 
0.70014 
(10.93)* 
-0.00229 
(0.4452) 
0.57 1.95 0.6362 
6 0.00567 
(2.64)* 
0.69014 
(12.92)* 
0.40430 
(5.09)* 
0.73790 
(10.99)* 
0.04582 
(0.84) 
0.58 1.99 0.1136 
7 0.00277 0.70670 0.29150 0.86320 -0.06214 0.63 1.98 0.2658 
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(1.34) (12.93)* (4.30)* (11.80)* (-1,40)** 
8 0.00288 
(1.20) 
0.76200 
(13.31)* 
0.33680 
(4.43)* 
0.92260 
(12.79)* 
-0.08382 
(1.35)** 
0.62 2.00 0.4758 
9 0.00157 
(0.62) 
0.84630 
(12.71)* 
0.19850 
(2.14)* 
0.89070 
(11.57)* 
-0.05880 
(-0.92) 
0.60 2.00 0.3521 
10 0.00469 
(1.02) 
0.74860 
(6.99)* 
0.09795 
(0.13) 
1.11890 
(9.35)* 
-0.19870 
(-2.21)** 
0.37 1.99 0.3076 
V Results of regression 𝑅te= 𝑎 + βM𝑅tM,e+ βHML𝑅tHML +βSMB𝑅tSMB +βumdRtumd +𝜀t 
* Denotes significance at the 5% level. 
** Denotes significance at the 1% level. 
 
The findings of the regressions that have as independent variables the three Fama–
French factors along with the UMD risk factor are depicted in the table above. The 
factor loadings of the three Fama–French factors remain quite stable as far as their 
sign is regarded with only some small variations in their magnitude. The UMD factors 
loadings present that coefficients are significant for high value portfolios (5-10). 
However, the factor coefficients have relative medium magnitude, indicating that they 
only add a portion to the return of the dependent factor. The Durbin-Watson statistic 
ranges in value from 1.97 to 2, revealing a non-correlation result. 
 
 
𝑅te= 𝑎 + 𝛽M𝑅tM,e+ 𝛽HML+𝑅tHML 𝛽SMB𝑅tSMB +βumdRtumd +βD1-D10 RtD1-D10+𝜀t 
 
P/F A 𝛽M 𝛽HML 𝛽SMB ΒUMD ΒD1-D10 R^2 DW LM 
1 0,0460 
(1.35) 
0,7650 
(10.87)* 
0,1782 
(1.50) 
1,1100 
(12.20)* 
-0,0970 
(-1.17) 
-0,2895 
(-2.20)* 
0,55 2,00 0,01 
2 0,0054 
(2.17)* 
0,6736 
(11.13)* 
0,2943 
(3.39)* 
0,8910 
(11.27) 
-0,0013 
(-0.021) 
-0,0291 
(-0.78) 
0,55 1,97 0,21 
3 0,0033 
(1.56) 
0,7235 
(12.22)* 
0,2646 
(2.84)* 
0,8771 
(12.75)* 
0,0505 
(0.90) 
-0,0262 
(-0.91) 
0,60 1,99 0,21 
4 0,0058 
(2.74) 
0,6774 
(11.76)* 
0,2723 
(3.75)* 
0,8097 
(9.91)* 
0,0165 
(0.26) 
-0,0185 
(-0.69) 
0,58 1,98 0,30 
5 0,0036 
(1.67) 
0,6686 
(12.26)* 
0,2977 
(4.05)* 
0,7006 
(10.96)* 
-0,0254 
(-0.49) 
-0,0177 
(-0.73) 
0,57 1,95 0,62 
6 0,0056 0,6900 0,4033 0,7380 0,0446 -0,0048 0,58 1,99 0,11 
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(2.63)* (12.92)* (4.98)* (11.02)* (0.81) (-0.17) 
7 0,0029 
(1.35) 
0,7071 
(12.98)* 
0,2949 
(4.41)* 
0,8626 
(11.88)* 
-0,0592 
(-1.35) 
0,0205 
(0.72) 
0,63 1,98 0,25 
8 0,0030 
(1.26) 
0,7624 
(13.37)* 
0,3413 
(4.42)* 
0,9254 
(12.79)* 
-0,0808 
(-1.28) 
0,0208 
(0.68) 
0,62 2,00 0,48 
9 0,0016 
(0.62) 
0,8463 
(12.71)* 
0,1983 
(2.10)* 
0,8907 
(11.57)* 
-0,0589 
(-0.91) 
-0,0009 
(-0.032) 
0,60 2,00 0,35 
10 0,0080 
(2.37)* 
0,7653 
(10.93)* 
0,1726 
(1.47) 
1,0980 
(12.05)* 
-0,0971 
(-1.17) 
0,7096 
(5.36)* 
0,67 2,00 0,02 
VI Results of regression: 𝑅te= 𝑎 + 𝛽M𝑅tM,e+ 𝛽HML+𝑅tHML 𝛽SMB𝑅tSMB +βumdRtumd +βD1-D10 RtD1-D10+𝜀t 
The findings of the regressions that have as independent variables the three Fama–
French factors along with the UMD risk factor and a new constructed factor D1-D10 
are depicted in the table above. D1-D10 is the difference between the two extreme 
portfolios D1-D10 asset growth sensitivity portfolios. The step-wise regression 
methodology provides insights on the incremental power contained in each 
independent factor. Focusing on the factor loadings, we can see that they remain 
relatively stable in terms of sign, magnitude and statistical significance in the case of 
the market risk premium, the size and the value factor. However, this is not the case 
for the momentum factor, which changes signs from positive to negative and is 
statistically significant only in several cases. It should be noted that for factor D1-D10 
the sign is negative for the low value portfolio and change sign after the portfolio 5. It 
is evident that this factor is statistically significant only in two cases of portfolio, D1 
and D10. However, the most interesting point in the results of the final regression 
model is the increased R2, revealing that the inclusion of a factor which includes the 
difference in returns between the highest and the lowest portfolio as a risk factor 
results in a considerable enhanced explanatory power of the model. The constant 
term in the five-factor model is statistically significant in some of the regressions. 
According to Merton (1973), a multi-factor equilibrium model can be considered as a 
parsimonious asset pricing model only when the constant term is either equal to zero 
or statistically insignificant. Thus, the inclusion of the foreign exchange risk factor, 
though it enhances the predictability of the model, does not appear to fully explain 
the variability of stock returns. 
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Conclusions 
This thesis investigates the robustness of the Fama and French Three Factor-Model 
continuing the out of sample tests of Malin and Veeraraghavan (2004) along with the 
Kuan-Cheng Ko (2015). More specifically, it tests the 3FM, 4FM and 5FM models on 
the London stock market for the period of July 1990 to June 2015. It can be inferenced 
from the results that investors who hold “big” stocks seem to enjoy slightly higher 
returns than investors who hold “small” stocks. Thus, a big firm premium is 
documented. Finally, there appears to be a value effect in UK. Investors demand 
higher returns for investing in firms with high BE/ME. This comes in line with the 
findings of Fama and French (1996) for the U.S. market. However, all three risk factor 
premia are statistically significant in most of the cases. In addition, there are many 
warning signs about the validity of the results and their appropriateness for 
investment decisions.  
Moreover, we can conclude that AG serves as a good candidate of investment style to 
investors, as Cooper, Gulen, and Schill (2008) point out, AG exhibits a long-lasting 
effect on stock returns beyond size and BM, and firms with similar AG share some 
common characteristics. Based on this notion, it is hypothesized that AG as a style can 
generate higher and more consistent profits than traditional styles such as size and 
BM.Statistically speaking, it is assumed that collecting data from a single population is 
not an accurate path to acquire robust results. However, the major events that have 
happened during the sample period may have caused changes in the structural 
relations between variables. That is why further testing in different subperiods is 
required.  
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